
Abstract. The family of estrogen receptor-related receptors
(ERRs) is a subfamily of the orphan nuclear receptors, which
is closely related to the estrogen receptor (ER) family. Research
on ERRs has shown that the ERR family share target genes,
co-regulators and promoters with the ER family. ERRs seem
to interfere with the classic ER-mediated estrogen responsive
signaling in various ways. Moreover, ERRs have been reported
to be prognostic biomarkers in breast, ovarian and colorectal
cancer. ERRs should be considered as additional factors in the
evaluation of gynecological tumors. Since ERRs have an
important influence on the overall estrogenic response, they are
of clinical importance in gynecological cancer, but also
regarding women’s general health. 

Estrogens have important physiological functions in the proper
development, sexual differentiation and maintenance of both
the female and male reproductive systems. Abnormal estrogen
activity has been connected with numerous diseases, including
osteoporosis, coronary heart disease, as well as some estrogen-
related malignancies such as breast, endometrial and ovarian
cancer (1). The pleiotropic effects of estrogen are mediated by
two classic estrogen receptors known as ER· and ER‚

(according to the American Nuclear Receptors Nomenclature
Committee 1999, named as NR3A1 and NR3A2) (2), which
are ligand-activated transcription factors (2, 3). As members of
the nuclear receptors (NRs), ERs regulate the target gene
expression by recruiting co-regulators to a specific DNA
element, the estrogen response element (ERE) (4). However,
not all of the estrogen response effects can be explained by this
classic estrogen-ER-ERE signal transduction theory. There
might be some bypass to the classic estrogen pathway or a co-
regulated mechanism in the estrogen-ER signal pathway.

Recently, some interesting results have been reported
concerning orphan nuclear receptors, which also belong to
the NRs superfamily. In contrast to the ligand-dependent
definition, these NRs were activated in a constitutive manner
without any known ligand (thus "orphan") (5-7). There is also
a subfamily of orphan NRs closely related to the ERs, named
estrogen receptor-related receptors (ERRs) (5). Due to their
high homology with ERs, the members of the ERR family
probably transduce signals by cross-talk with other NRs via
common binding sites as well as ERR-specific binding sites.
Ongoing studies have confirmed that various orphan NRs
play an important role in the pathway of nuclear signal
transduction and the regulation of gene transcription (7). In
this review, the role of ERR in the estrogen-ER signal
pathway and estrogen-related cancer are discussed.

ERRs Gene Position and Structure

To date, the ERR subfamily is known to comprise the
following members: ERR·, ERR‚ and ERRÁ (NR3B1,
NR3B2 and NR3B3, respectively), which also belong to
group III of the NRs superfamily with ER, glucocorticoid
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receptor (GR; NR3C1), mineralocorticoid receptor (MR;
NR3C2), progesterone receptor (PR; NR3C3) and
androgen receptor (AR; NR3C4) (5, 8-10). ERR· and
ERR‚ were first identified by low-stringency screening
kidney cDNA libraries with a probe corresponding to the
DNA-binding domain (DBD) of ER·, and named estrogen
receptor-related receptors (ERRs) (5). ERRÁ, the third

member of the ERR subfamily, was identified 10 years later
by two-hybridization screening with the glucocorticoid
receptor-interacting protein 1(GRIP- 1) as a probe (8).
Each member of the ERRs has isoforms (8, 10-12). A major
isoform of ERR·, ERR·-1, was isolated from human
endometrial carcinoma Rl-95-2 cell line based on its binding
to the steroid factor-1 responsive element (SFRE) (11).
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Figure 1. The human ER and ERR family. The percentage on the C domain (DBD) and E/F domain (LBD) indicated the different levels of similarity
between isoforms of these two families. ER· and ER‚ have 93% and 60% identity in the DBD and LBD; respectively, ER· and ERR· have 69% (70%
with ERR ·-1) and 34% (35% with ERR·-1) identity, respectively; ERR· and ERR‚ have 92% and 61% identity, respectively (Refs. 2, 7, 34, 42, 55).

Figure 2. Scheme of the human ER and ERR family’ structure and function. On ER, there is an F domain in the C terminal, which is poorly understood.
The AF-2a transactivation domain is only for ER, and the AF-2 domain plays a very important role in the ERR function (Refs. 2, 7, 34, 42, 55).



Using fluorescence in situ hybridization (FISH), the gene
encoding ERR· was mapped to chromosome 11q12-q13
and the ERR‚ gene was mapped to 14q24.3 (13, 14). The
ERRÁ gene was also identified on chromosome 1q41 (9).
Analysis of the genomic organization and promoter
characterization revealed that the nucleonic sequence
adjacent to the transcription start sites of human ERR
encoding gene lacks the typical TATA and CAAT boxes,
but is GC-rich and contains 10 consensus Sp1-binding
elements and 2 E boxes (13). The human genome also
encodes an ERR-related pseudogene, which is located on
chromosome 13q21. It was first reported as a pseudogene
associated with a member of the orphan NRs family (14).
All the ERRs display a high degree of sequence homology
with their DBD and ligand-binding domain (LBD). The ER
families also have a high degree of sequence homology with
the ERR family (Figure 1), which strongly indicates that
they probably bind to the same element on the target
promoter and have an overlapping function.

As for conventional NRs, ERRs are organized into
several modular regions, which have distinct biological
functions (15-17) (Figure 2). The A/B regions are located at
the N-terminus and include the activation function 1 (AF-1
region). The C region includes the DBD, which is the most
evolutionarily conserved region and contributes to the
special DNA-binding by the two zing-finger motif. The D

region is considered to be a hinge region, bridging the 
N-terminal and C-terminal. The E region contains the LBD,
which contains the ligand-binding hydrophobic pocket and
contributes to the receptors’ dimerization. In ERs, there is
a hormone-dependent transcription activation region (AF-2
region) embedded within the LBD. However, the functions
of the D and the F domains are poorly understood.

Sequence analyses comparing all the NR3 families have
shown that ERs and ERRs form the same branch of group
III, which recognizes the hormone response element (HRE)
sequence as 5’-AGGTCA-3’, whereas the other four steroid
receptors recognize the sequence as 5’-AGAACA-3’ and
form another branch (18). The genome of Drosophila
melanogaster encodes a single member of this group, an
ERR ortholog (19), indicating that all group III NRs might
have originated from an ancestral ERR. ERR displays the
same domain organization as classic receptors, which have
been conserved through evolution, suggesting their critical
role in the estrogen signal pathway.

Expression Pattern of ERR

ERR· appears to be widely distributed, both in the
developing embryo and in adult tissue (20-22), although it
is more abundant in the uterus (cell lines), prostate, brain
(5), heart, skeletal muscle (13) and brown fat tissue (20).
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Figure 3. The intracellular interaction between ER and ERR. The classic E-ER signaling (white arrows): ER is activated by natural estrogen or synthetic
estrogen (E) such as DES and 4-OHT. The E-ER complex then changes its structure to recognize and trigger the target gene expression following binding
to ERE with co-regulators. Interference of ERR in E-ER signaling (black arrows): ERR can recognize not only the ERE, but also ERRE and SFRE in
a constitutive manner or in dimers. ERR can compete with ER binding for ERE or co-regulators. DES and 4-OHT were reported to block the binding
between co-regulators and ERR and to down-regulate ERR activity. Most mechanisms of the interaction between ER and ERR in vivo are still unclear.



During fetal mouse development, ERR· mRNA can be
detected in the embryonic stem (ES) cells and in the
development of the heart and skeletal muscle, the central
and peripheral nervous system, the epidermis and the
epithelium of the intestine and urogenital tract (23). This
expression begins at the time of chorioallantois fusion in
the placenta, through the development of heart, intestine,
brain, spinal cord, brown fat and bone, thereby suggesting a
primary role for this receptor throughout life. However, the
mechanism of the ERR· function is still not completely
understood. In contrast to the widespread expression
patterns of ERR· and ERRÁ, ERR‚ is present early in the
extra-embryonic ectoderm during the development of the
placenta and ERR‚ is also found at very low
concentrations in a few specific tissues (kidney, heart,
hypothalamus, hippocampus cerebellum, rat prostate,
specific areas of the mouse brain) (5, 24-26). In mice
lacking ERR‚, trophoblast stem cell differentiation is
impaired and the placenta fails to develop normally (25).
ERR‚ is also essential for reproduction and normal
development. ERRÁ transcripts can be detected widely in
the brain, lung, bone marrow, adrenal and thyroid glands,
trachea and spinal cord, with very high levels in fetal brain
and lower levels in the kidney and liver (8, 9). Recently,
study on the expression of ERRs in the human placenta
throughout gestation revealed that ERRs mRNA levels
gradually increased up to the second trimester and then
comparatively rapidly increased until normal term delivery,
which indicated ERRs might be candidates for the
interacting factors in human placental growth from the
second trimester until normal term delivery (27). 

ERR Function and Intracellular Interaction with
ERs

Although the ERRs were discovered more than 10 years
ago, knowledge regarding their biology and function is
limited. Recent results have shown that the ERRs share
target genes, co-regulatory proteins and DNA-binding sites
with the ERs (11, 28-31). Despite the high degree of
sequence similarity with ER construction, ERRs do not
bind to the natural estrogens such as E2 (32). The
identification of naturally occurring ligands for ERR family
members has remained elusive. However, silicone
superimpositions of the ligand-binding pocket of ERR·
and that of ER· have revealed a high level of local alanine
residue sequence identity, suggesting that structurally close
ligands could probably be bound by both receptors (33, 34).
There are also reports suggesting that ERR· may have a
natural ligand yet to be identified. The activity of ERR·-1
has been reported to be antagonized by two organochlorine
pesticides and toxaphene (33, 35) and the activity of
ERR·-1 showed signs of being dependent on an

unidentified serum component (32). Des (diethylstilbestrol)
appeared to inactivate all three members (36), while 
4-OHT (4-hydroxytamoxifen) seemed to bind only to
ERR‚ and ERRÁ and selectively inactivate ERRÁ in cell-
based assay (37, 38). Strikingly, all these compounds have
been associated with estrogen signaling and shown
repression of ERRs’ transcriptional activities. They can
thus be considered as antagonists (if ERRs possess natural
ligands) or inverse agonists (if ERRs’ transcriptional
activities are constitutive) (34). Recently, the PPARÁ
coactivator 1· (PGC1·) and 1‚ (PGC1·) were reported to
be the potential ERR ligands and in vitro were found to
contribute to control the energy balance (39, 40). 

ERR monomers preferably recognize the consensus
extended half-site 5’-TnA-AGGTCA-3’ with a high-affinity,
referred to as the ERR-responsive element (ERRE) (11,
18, 20, 41). This class of binding site is also recognized by
the monomeric orphan NR steroidogenic factor-1 (SF-1;
NR5A1), a regulator of the steroid biosynthesis pathway
also essential for the development of the hypothalamic-
hypophyseal-adrenocortical axis (22). The members of the
ERR family can recognize variants of ERE, including the
perfect ERE, ERRE and SFRE, imperfect ERE (34, 42)
and TREpal (palindromic thyroid hormone responsive
element) (43) by dimers or monomers. Though the
activation mechanisms of ERR remain totally unknown, the
ERRs need to recruit the co-regulatory protein to maintain
their function. ERRs were observed to compete with ER in
binding to the steroid receptor co-activator (SRC) family,
highly essential for the ER-mediated gene transcription,
the integration of intracellular signaling pathways and
control of the cell cycle (42). On the other hand, in the
absence of exogenous factors, all the ERRs have been
shown to interact with some co-activators and activate gene
transcription in a constitutive manner (8, 18, 21, 28, 29, 44).
Thus, ERR may play an important role in the response of
some estrogen-responsive genes via heterodimerization
with ERs or in direct competition with ERs for binding to
ERE or co-activators (12, 30, 43, 45). ERR·-1 can act as a
modulator of estrogenic responses, functioning as either an
active repressor or a constitutive activator in estrogen-
dependent transcription. Although the transcriptional
activities of ERR are not regulated by estrogens nor by any
identified natural ligand (34), the expression of ERR· has
been suggested to be regulated in mouse uterus (46).
Furthermore, ERRs can actively influence the function of
estrogenic responsive genes, suggesting that there is a key
way that ERRs regulate the estrogen-ER signal pathway,
although the mechanism of this cross-talk between these
two receptor subfamilies is still not clear. These
observations offer additional layers of regulatory
complexity to the intracellular interaction between ERRs
and ERs (Figure 3).
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In the context of transcription factors and co-regulators,
the ERRs regulate the target gene activity in a ligand-, cell
type-, responsive element- and promoter context-specific
manner. ERRs play an active role in bone morphogenesis
by regulating the osteopontin gene, bone resorption and
osteoprogenitor cell proliferation and differentiation (47).
ERR· regulates the transcriptional activity of the human
lactoferrin gene (11, 45), the human medium-chin acyl
coenzyme A dehydrogenase gene (20, 48), the thyroid
receptor · gene (22), the aromatase gene (49, 50), the
osteopontin gene (50, 51) and the small heterodimer
partner (SHP) gene (44). The major isoform of the human
ERR· gene, ERR·1, can sequence-specifically bind to a
consensus palindromic ERE and directly compete for
binding with the ER·. ERR·-1 activates or represses ERE-
regulated transcription in a cell type-dependent manner,
repressing the ERE-mediated transcriptions in ER-positive
MCF-7 cells, while activating the ERE-mediated
transcriptions in ER-negative HeLa cells (31). Expression
of ERR· was also reported under circadian regulation in
estrogen-responsive tissues as an output gene of the
circadian clock oscillator (52). ERR‚ functions as a potent
cell-specific, receptor-specific repressor of transcriptional
activity mediated by a glucocorticoid receptor (53). The
expression of two isoforms of mouse ERRÁ1 and ERRÁ2 in
the central nervous system during embryonic development
and in the brain of the adult mouse suggests that they may
take part in the differentiation and function of the brain
(54). Although numerous interconnections between ERR
and estrogen signaling have been documented and are
discussed in recently published reviews (34, 42, 55), little is
known about the in vivo function of ERR. 

ERRs in Estrogen-related Cancer 

The breast, uterus and the ovary are considered as the classic
estrogen target organs. ERs are highly expressed in these
tissues and their malignancies. In estrogen-related cancers,
ER· mediates estrogen-responsive cell proliferation and
plays a crucial role in their etiology (56, 57). Thus, the
malignant mechanisms of these tissues were found to be
rate-limited by estrogen-ER signal pathways. ER· has been
established as the single most important genetic biomarker
and target for cancer therapy, especially in breast and
endometrial carcinoma. Selection of patients with ER-
positive expression increases the endocrine therapy
responsive rates based on anti-estrogen (58). However, not
all anti-estrogen therapies are effective for ER-positive
patients. On the other hand, the status of some patients
without ER expression can be improved by the combination
of anti-estrogen and progesterone agonist treatment. This
suggests some other net-regulation between the estrogen
nuclear signal pathways. 

Research on mammary carcinoma cell and cervical cancer
showed that both ER· and ERR·-1 can bind to the
palindromic ERE sequence and that there is competition
between these two nuclear receptors (30, 31). It was
confirmed that the pS2 gene, a human breast prognostic
marker, whose promoter has an ERE, can be regulated by
the ERRs as a target gene (29). Consensus ERE were
reported in several target genes including: lactoferrin, pS2,
c-fos, c-jun, c-myc and EGF receptor, epidermal growth
factor, cyclin D1 and the breast cancer-1 (BRCA-1) gene
(55). These genes are potential target genes regulated by
the ERRs base on their ability to bind to variant ERE.
Using two-yeast hybridization and electrophoretic mobility
shift analysis (EMSA), ERRÁ was reported to recognize a
tremendously broad range of sequences as a homodimer
(59). Therefore, ERRs may play an important role in the
etiology of some estrogen-related cancer.

Recently, the in vitro and in vivo role of ERRs was
studied in human breast carcinoma (5, 58, 60), endometrial
carcinoma cells (30, 45) and ovarian cancer (61). Moreover,
ERRs were also analyzed in the human prostate including
cell lines and tissues (62) and colorectal tumor (63).
Abnormal estrogen synthesis was considered to be a major
inducing factor for the development of estrogen-related
cancer. To adjust estrogen synthesis, aromatase activity was
the most important limiting step. The promoters I.3 and II
are thought to be important in driving abnormal aromatase
expression/estrogen synthesis in breast tumor. A regulatory
element (S1) behaves either as an enhancer or repressor
between these two promoters. ER· can bind to the S1
element and repress the aromatase promoter activity as a
feedback mechanism to suppress abnormal estrogen
biosynthesis, whereas ERR· was found to be the major
protein interacting as an enhancer with the silence element
(S1) of the human aromatase gene in breast tissue (64). Its
ability to interact with ER· and to modulate aromatase
expression/estrogen biosynthesis suggests that ERR· plays
a critical role in normal breast development and in the
pathogenesis of breast cancer (49). Furthermore, the non-
classic estrogenic stimulation derived from ERR· is
associated with mitogen-activated protein kinases (65). The
importance of ERRs in human breast cancer was also
assessed by comparing their mRNA profiles with
established clinically pathological indicators and the mRNA
profiles of ERs and ErbB family members (58). ERR· may
be an important unfavorable marker in a significant
proportion of patients with breast cancer, because the
tumors containing the highest levels of ERR· were
associated with a steroid receptor-negative status and
hormonal insensitivity. ERR· status might be useful as a
positive marker to predict the sensitivity of ErbB-2-based
therapy, such as Herceptin (58). Furthermore, ERR
expression in breast cancer tissue is limited to the tumor
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epithelium rather than to the surrounding adipose stroma
(60). However, ERRÁ shows potential as a favorable
marker of clinical course. In ovarian cancer, the expression
of ERR· was associated with shorter overall survival and
the expression of ERRÁ was observed with a longer
progression-free survival (61). Moreover, ERR· seems to
emerge as a novel potential modifier of the malignant
colorectal tract because the change in the expression of
ERR· mRNA is associated with tumor progression or with
different histopathological stage of the cancer (63). In
general, ERRs play important roles in estrogen-related
cancer; ERR· and ERRÁ are potential targets for new
therapeutic developments.

Conclusion

ERRs are important pleiotropic modulators of ER-
mediated target genes and ERR-specific gene
transcription. The contribution of ERRs to estrogen
signaling is known and the search for potential ligands and
new target genes should be of primary importance in the
future. The major goals of future studies should be to
directly identify the ER and ERR target genes, using
technologies such as chromatin immunoprecipitation
assays and gene arrays. The regulation of these genes
should also be confirmed by each receptor subtype in both
cell- and animal-based models. These objectives should
include: the identification of the target genes regulated by
the ERR family; the functions of ERR in estrogen-induced
cancer; the evaluation of ERR as a therapeutic target,
especially on estrogen-independent tumors; the
relationship between ERR and SERM (select estrogen
receptor modulator). 
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